Observational studies show inverse associations between intake of whole grain and adiposity and cardiovascular risk; however, only a few dietary intervention trials have investigated the effect of whole-grain consumption on health outcomes. We studied the effect of replacing refined wheat (RW) with whole-grain wheat (WW) for 12 wk on body weight and composition after a 2-wk run-in period of consumption of RW-containing food intake. In this open-label randomized trial, 79 overweight or obese postmenopausal women were randomized to an energy-restricted diet (deficit of ;1250 kJ/d) with RW or WW foods providing 2 MJ/d. Body weight and composition, blood pressure, and concentration of circulating risk markers were measured at wk 0, 6, and 12. Fecal output and energy excretion were assessed during run-in and wk 12.
Introduction
Observational studies strongly indicate an inverse association between a high intake of whole-grain products and adiposity (1) or risk of body weight gain (2-4) as well as comorbidities such as CVD 10 (5). Whole-grain cereals consist of the intact, ground, cracked, or flaked caryopsis, where the starchy endosperm, germ, and bran are present in the same relative proportions as in the intact caryopsis (6) . In contrast to refined grain products comprising mainly the endosperm, whole-grain foods are rich in a number of vitamins, minerals, dietary fibers, and phytochemicals, which are proposed to be responsible for the healthpromoting effects (7, 8) . In some studies, a beneficial effect of whole grain has been found on LDL cholesterol, but not HDL cholesterol or TG, an effect often attributed to viscous dietary fibers, such as oat b-glucans (9, 10) . Also, the higher concentration of dietary fiber and lower energy density of whole-grain foods are hypothesized to lead to reduced energy intake and loss of weight and FM. WW, the primary source of whole grain in many Western countries, is high in nonviscous dietary fibers. These are known to exert physiological effects in the large intestine where they are partly fermented and induce bulking (11) . Some, although not all (14) , single meal studies have also demonstrated that intake of WW products and wheat bran induce satiety (12, 13) , an effect often attributed to soluble viscous dietary fibers (15) . Furthermore, dietary fibers, including wheat dietary fibers, may increase fecal losses of fat and energy (16) , which may also contribute to a negative energy balance. Only a few dietary interventions studied the effect of consuming high amounts of either mixed or WW foods on body weight and composition and reported conflicting results, possibly related to variations in study design, the population, and intervention foods investigated (10, (17) (18) (19) (20) (21) (22) . Three studies focused on the role of whole grain as part of an energy-restricted diet (21) (22) (23) ; none reported a significantly greater body weight loss compared to control, but Katcher et al. (22) found an effect on abdominal FM independent of weight loss after 4-7 daily servings of mixed whole-grain foods for 12 wk compared to control. This study was carried out in the US, where the average consumption of whole-grain foods is low, i.e., 0.75 servings or ;12 g/d (4) . Whole grain is more frequently consumed in Denmark, where the median intake is estimated to be ;30 g/d (24) , and the efficacy of a wholegrain intervention may depend on habitual consumption. Thus, our objective was to compare the effect of a high intake of WW vs. RW foods on body weight and composition in Danish postmenopausal women. Secondary endpoints were cardiovascular risk markers, insulin sensitivity, dietary intake, and fecal energy excretion. Finally, AR was included as a marker of compliance.
Participants and Methods
Study design. This study was an open-label parallel intervention of 14-wk duration in which the participants were randomly allocated to intake of RW or WW foods for 12 wk after a 2-wk run-in period, during which all participants were provided with RW foods.
Participants. A total of 153 women were assessed for eligibility following advertising in the local papers in the Copenhagen area. Of these, 85 overweight and obese women were enrolled in the study, 79 were randomized after the run-in period, and a total of 72 women completed the study (38 in the WW and 34 in the RW group) (Supplemental Fig. 1 ). There was no difference in any of the baseline characteristics. Inclusion criteria were: BMI, 27-37 kg/m 2 , age, 45-70 y, and .1 y postmenopausal (self-reported). Exclusion criteria were: smoking, chronic illnesses (diabetes or CVD), untreated hypertension (.160/100 mm Hg), elevated fasting total cholesterol (.6.5 mmol/L) or glucose (.7.0 mmol/L), use of dietary supplements, food dislikes or intolerances relevant to the study, and use of medications (except antihypertensives). All participants attended a screening visit before enrollment, where weight, height, waist circumference, blood pressure, and fasting glucose and total cholesterol concentrations were measured. Also, they were interviewed to assess eligibility for enrollment. All participants gave written consent after receiving verbal and written information about the study, which was approved by the Ethical Committee of the Capital Region of Denmark in accordance with the Declaration of Helsinki (KF 01 290502).
Intervention foods. The intervention foods were intended to replace ;2 MJ of the study participants' habitual diet. All participants received the same amount of foods per day independent of ER and were instructed to consume 62 g of bread (fresh weight, 66% DM), 60 g pasta (uncooked, 89% DM), and 28 g biscuits (fresh weight, 98% DM) daily ( Table 1) . Breads and biscuits were made from common wheat specifically for this project, whereas both pastas were the commercially available type made from durum wheat. The whole-grain foods used were defined as containing a minimum of 50% of whole grain per DM, including the starchy endosperm, germ, and bran, in milled form. The WW foods provided 105 g of whole grains daily. There was no restriction on consumption of other cereal products. The participants collected their intervention foods biweekly.
Weight loss program. The participants followed a slightly energyrestricted diet based on their habitual choice of food items (apart from the intervention foods) to aid weight loss. The weight loss program was based on an educational system consisting of five color-coded, isoenergetic interchangeable units of 250 kJ representing different nutrients (protein-rich, complex carbohydrate-rich, simple carbohydrate-rich, fatrich, and alcohol). The participants were instructed to adhere to a diet with a deficit of at least 1250 kJ/d, but not less than 5000 kJ/d. Also, they were instructed to have a minimum intake of protein of 60 g/d. ER was assessed based as follows (25): For participants #60 y: ER ¼ 1:3 3 ð0:0364 3 weight þ 3:47Þ.
For participants .60 y: ER ¼ 1:3 3 ð0:0364 3 weight þ 2:88Þ.
The participants met with a dietitian five times during the study and were instructed to keep a food diary that included count of total units, number of color-coded units, and units of intervention foods consumed on a daily basis throughout the study. The ER was recalculated by the dietitian at each visit and the recommended number of units adjusted accordingly.
Anthropometric measures. All measurements were performed in the morning after $10 h fasting. Body weight was measured on an electronic scale while the participants were wearing light clothing and no shoes. Height was measured to the nearest 0.5 cm by using a wall-mounted stadiometer without shoes. Waist circumference was measured to the nearest 0.5 cm at the narrowest point between the iliac crest and the lowest rib. Body composition was measured by DXA scanning (Lunar Radiation) and FFM was calculated as total body mass -FM.
Laboratory procedures. Blood pressure was measured twice with the use of a fully automatic blood pressure monitor (Omron M4-I; Omron Healthcare Europe). Participants who used antihypertensive medication were instructed to take their medication as usual even when fasting. Fasted blood samples were collected at wk 0, 6, and 12 and stored at -208C until analyzed in one batch. All fecal samples were collected in preweighed plastic containers for 48 h during wk 2 of the run-in period and during wk 12 of the intervention period. Participants kept the plastic containers in a cooled box and brought them to the department daily. Samples were weighed and homogenized 1:1 with distilled water, the pH was measured (Lutron PH-208, Heatmister), and 20 g of each sample was freeze-dried and homogenized and samples from each participants' 48 h collection were pooled.
Analytical procedures. Plasma concentrations of glucose and serum concentrations of TG, and total, HDL, and LDL cholesterol and insulin were measured as described elsewhere (26) . HOMA index of insulin resistance and b cell function were calculated (27) . Serum hsCRP was measured by a solid-phase chemiluminescent immunometric assay using an IMMULITE 1000 Automated Immunoassay Analyzer. Plasma IL-6 was measured by sandwich ELISA (R&D Systems). HbA1c was measured by ion-exchange HPLC (normal reference range 4.1-6.4%). Fecal energy excretion was measured by bomb calorimetry (Ika-calorimeter system C4000). Plasma AR were analyzed by normal-phase liquid chromatography coupled to a tandem mass spectrometer, after liquid-liquid extraction (28) . Results are given as the sum of all 5 main homologs quantified. Based on previously published data for intake of either whole-grain or refinedgrain foods under controlled circumstances (10), conservative thresholds based on fasting concentrations of ,80 nmol total AR/L for intake of only RW foods, and .100 nmol total AR/L for intake of WW foods were set as criteria for compliance. Participants who were outside of the limits at both 6 and 12 wk were considered noncompliant. The within-and between day/ batch CV was ,10% for all analyses. Total tocols were extracted from the intervention foods using n-hexane ethyl acetate after saponification with potassium hydroxide and analyzed by HPLC. The total folate content of the intervention foods was microbiologically determined and the ferulic acid content was measured after ethyl acetate extraction following sodium hydroxide hydrolysis. All food analyses were done as described elsewhere (29), except for AR, which were estimated from literature values (30) ( Table 1) .
Statistical methods. Based on a weight loss study of a low-or highglycemic diet (31) , it was necessary to include 36 participants in each group to detect a difference in weight loss of 1.0 kg with an estimated weighted SD of 1.5 (a = 0.05; b = 1-0.8). Thus, 85 women were recruited to allow for a 15% dropout rate. All statistical analyses were performed in SAS System for Windows (release 9.2, SAS Institute). Homogeneity of variance and normal distribution were inspected using residuals plots and normal probability plots. The hsCRP, IL-6, total AR, and AR C:17: C:21 data were log-transformed before analyses and back-transformed before presentation. Baseline values were compared by Students' t tests. ANCOVA was carried out to examine the effect of diet (RW and WW) and time (6 and 12 wk) and their interaction on anthropometric and biochemical variables. For anthropometric variables, participant was modeled as a random variable and corresponding baseline values, baseline BMI, and age were modeled as covariates. For analyses on biochemical variables, body weight change from baseline was also included as covariate. ANCOVA was used to examine the effect of diet (RW and WW) and time (wk 1-12) and their interaction on food intake. For anthropometric variables, ITT analyses was performed (last measurement carried forward). Post hoc pairwise comparisons were made using Tukey-Kramer's adjustment when main effects reached significance. All data are presented as means 6 SEM unless otherwise indicated. Differences were considered significant at P , 0.05 and as tendencies when P , 0.10.
Results
A total of 72 women completed the study. Age did not differ between the RW (60.3 6 5.3 y) and WW (59.1 6 5.6 y) groups. Ten women in each group used antihypertensive medication.
Body weight and composition. During the 12-wk parallel intervention, the groups did not differ in the reduction in body weight (P = 0.11), whereas the percentage of initial weight loss tended to be greater in the WW group than in the RW group (P = 0.09) ( Table 2 ; Fig. 1 ). There were significant time 3 diet interactions for total and central FM percentages, whereby both decreased in both groups (P , 0.01), and the change in total FM percentage was greater (P = 0.04) and the change in central FM percentage tended to be greater (P = 0.07) in the WW group than in the RW group at wk 12 ( Fig. 1) . FFM did not change in either group; BMI and waist circumference decreased in both groups (P , 0.01), but the decreases did not differ. ITT analyses using baseline measurements carried forward for seven participants who dropped out before wk 6 resulted in greater P values, but similar tendencies were observed for differences between the two groups with regard to decreased FM percentage (P = 0.06) and central FM percentage (P = 0.09); body weight loss between the two groups still did not differ (P = 0.11).
Cardiovascular risk markers. After 12 wk, changes in serum total and LDL cholesterol differed significantly between groups, as they increased in the RW group by 5.6 and 5.3%, respectively, whereas neither changed in the WW group ( Table 3) . IL-6 increased by ;10% in the WW group (P , 0.05), whereas there was no change in the RW group; the changes tended to differ between the groups (P = 0.09). Changes in blood pressure and serum concentrations of TG, HDL cholesterol, hsCRP, HbA1c, insulin, and glucose, and HOMA-IR did not differ between groups (Table 3) .
Dietary intake and compliance. Of the 72 women who completed the study, 57 kept daily food diaries eligible for data analysis. Daily intake of the intervention foods was recorded and mean daily energy intake from intervention bread, pasta, and biscuits did not differ between the groups, indicating good compliance in both the RW (91.5% of foods provided) and WW (94.2% of foods provided) groups (Supplemental Table 1 ). Total energy intake did not differ between the groups. Plasma total AR did not differ between groups at baseline and increased only in the WW group (P , 0.001 at wk 6 and 12 compared to baseline and the RW group), objectively confirming that, overall, participants had complied well with the diet (Fig. 2A) . The ratio between AR homologs C17:0 and C21:0, an indicator of either rye or wheat intake, was similar in the RW and WW groups at baseline and indicated some intake of rye-based products. The ratio decreased from 0.13 to 0.06-0.07 for the WW group at 6 and 12 wk (P , 0.001 compared to baseline and the RW group), whereas this was steady at 0.13-0.15 in the RW group ( Fig. 2B) , confirming that the RW group was consuming some rye products and that the plasma C17:0: C21:0 ratio does respond to a change in the source of AR. We reanalyzed data excluding individuals with plasma AR concentrations outside the expected thresholds for compliance as defined above, which reduced the sample size from 72 to 43. This did not change the conclusions for anthropometric measures or analyzed biomarkers; however, a greater difference in the decrease in FM percentage was observed compared to the complete sample (23.3 6 0.5% vs. 22.2 6 0.4%; P = 0.02; WW, n = 21 and RW, n = 22) despite the smaller sample. This suggests that the incorporation of a large amount of intervention foods against a background of a free-living, energy-restricted diet is challenging for participants. Importantly, noncompliance in the RW group did not reflect a lack of intake of refined intervention foods but rather a high intake of whole-grain products aside from the foods provided.
Fecal output, excretion of DM, and energy and pH. Daily fecal volume did not differ between groups at baseline, nor was there a difference between the groups after 12 wk (Supplemental Table 2 ). Fecal energy excretion and pH did not change from baseline in either group or differ between groups at any time point.
Discussion
We hypothesized that participants consuming whole-grain foods as part of an energy-restricted diet would experience a greater reduction in body weight and fat than participants consuming refined-grain foods. The FM percentage decreased more in the group of participants consuming whole-grain foods compared to those consuming refined foods (23.0 vs. 22.1%; P = 0.04), and a tendency was observed for central FM percentage (23.9 vs. -2.8%; P = 0.07), whereas the difference in weight loss between groups was not significant (P = 0.11). A total of 72 participants, nearly equally distributed in the 2 groups, completed the study, which is the sample size required to observe a difference in weight loss of 1.0 6 1.5 kg according to the power calculation. The observed difference in weight loss of 0.9 kg was only slightly smaller than this; thus, the main explanations for the lack of difference in weight loss between groups are likely a smaller effect than anticipated as well as a larger variation in the weight loss than predicted. Although none of the cardiovascular risk markers improved in either group, a 5-6% increase from baseline in both total and LDL cholesterol occurred in the RW group but not the WW group.
Whole-grain foods as part of a weight loss diet may have a beneficial effect on body weight and composition, primarily due to the greater fiber content compared to their refined counterparts, which in turn dilutes energy density and may reduce hunger between meals, both of which affect energy balance (8) . However, results from clinical intervention trials show conflicting results. Katcher et al. (22) found a decrease in abdominal FM percentage in the group consuming ;5 daily servings of whole-grain foods for 12 wk (22.2%) compared to the group consuming refined-grain foods (20.9%; P = 0.03 for difference Whole-grain, weight loss, and cardiovascular risk 713
between the groups). Similarly, Shimizu et al. (34) found that both waist circumference and visceral fat area in Japanese men decreased more after whole-grain rice/barley consumption compared to rice alone for 12 wk. In a different study in overweight and obese South Korean women, body weight and FM percentage decreased more in the group consuming whole-grain rice compared to the group consuming white rice (35) and 80 g/d of whole-grain oat cereal for 12 wk was found to lead to a decreased waist circumference compared to refined cereal products, even without difference in weight loss between the groups (44). Thus, consistent with our findings, FM can be reduced by consumption of whole grain, even when body weight changes do not differ. However, not all studies reported a lack of benefits on anthropometric variables (17) (18) (19) 36, 37) . Theories have been put forward that the mechanisms behind these effects could be due to lower postprandial insulin and glucose responses that favor lipolysis and lipid oxidation rather than fat storage (38) (39) (40) . However, the loss of FM in the present study was not accompanied by improved insulin sensitivity (assessed as homeostatic model assessment of insulin resistance), nor was this the case in the study by Katcher et al. (22) . The authors suggested that decreased abdominal FM was related to inflammation. In contrast to this, we found that the increase in the plasma IL-6 concentration tended to be greater in the WW group compared to the RW group (P = 0.09), whereas hsCRP did not change from baseline in either group or differ between groups at any time.
Although usually interpreted as a negative finding, an increase in IL-6 can occur after increased physical activity, for instance, but an inflammatory response induced by whole grain cannot be ruled out. We previously found that the WW breads used in this study induced greater satiety compared to RW breads, whereas the pastas did not differ in their ability to suppress hunger (41) , which indicates that participants consuming whole-grain foods, especially bread, may have experienced less hunger than those consuming refined-grain foods. Contrary to this, self-reported energy intake and fecal energy excretion did not differ between groups in the present study; however, it cannot be ruled out that there may be a small contribution from these to a negative energy balance.
The prevalence of women with features of metabolic syndrome increases after the onset of menopause, which is linked with substantial metabolic changes emerging with estrogen deficiency. Thus, there is increased risk of developing CVD among postmenopausal women (42) . Hence, a key finding in the present study is that changes from baseline in serum total and LDL cholesterol differed between groups due to an increase from baseline in the RW group by ;5%. We anticipated a decrease in serum total and LDL cholesterol concentrations in both groups due to decreased dietary fat and energy intake, but also that the decrease in the WW group would be larger due to an increased intake of dietary fiber, which would be in accordance with other studies (23, (43) (44) (45) , although not all (17) (18) (19) . Several reasons why this was not observed may exist. Hypocholesterolemic effects differ depending on the types of whole-grain foods tested; specifically, oat and barley foods, rich in soluble b-glucans, often exhibit cholesterol-lowering properties, whereas wheat and rice most often do not, although this is not always the case (10, 46) . Also, nonfiber components such as phenolic compounds and glycine betaine may also play a role in lipoprotein metabolism (47) . It has been suggested that durum wheat may be superior to common wheat with regard to lipidlowering properties (46) , and a large proportion of the whole grain consumed in the present study was indeed durum. However, the most likely confounder in the present study is the habitual intake of rye bread among our participants, which is assumed to be relatively high, because rye bread consumption among Danes is common and the main contributor to wholegrain intake (24) . Participants in the RW group may have reduced their whole-grain intake overall, resulting in increased total and LDL cholesterol, although some still managed to include whole-grain (rye) foods in their diet, because this was not restricted. Plasma AR increased in the WW group as has been reported in other intervention studies with whole-grain foods of wheat and rye (10, 33) . The ratio of AR homologs C17:0: C21:0 decreased markedly in the WW group from baseline to wk 6 and 12, which indicates that at baseline and in the RW group, whole-grain rye foods were a part of the diet and that this changed with the WW intervention.
Using plasma AR to measure compliance with the WW or RW diets did not lead to any changes in the results, but the decrease in FM percentage in the WW group was more pronounced. However, the small effect modification by AR may be due to the fact that compliance was close to 100% in the present study. Plasma AR concentrations are useful as a validation of self-reported compliance and may prove to be even more useful in less compliant populations and populationbased studies. Noncompliant participants in the WW group had a greater reduction in FM compared to participants who complied with the WW diet. Likely, the large amount of intervention foods provided made it difficult to adhere to the energy restriction, thus compromising weight loss, particularly among those with the smallest ER. Contrary to this, non- compliant participants in the RW group lost less FM despite a high whole-grain intake (AR .100 nmol/L). However, because they consumed both refined-grain and whole-grain foods, their overall energy intake increased. Another explanation may be that consumption of refined grains may offset the potential benefits of whole-grain consumption, as recently suggested after an inverse association between whole-grain intake and visceral adipose tissue volume was diminished in people consuming $4 servings/d of refined grain (48) .
A shortcoming of whole-grain interventions is the difficulty associated with blinding. We used an open-labeled design; thus, the participants may have responded better when allocated to the WW group (or worse when allocated to the RW group), whereby effect size may be overestimated. This is a common confounder, because no studies to our knowledge that compare whole grains to refined grains have been able to successfully blind treatments to date. It is not known to what extent the effects observed in the present study will persist in a longer-term perspective. It is generally difficult to ensure good adherence to one specific diet composition for a longer period of time, as highlighted by others (8) , but combining evidence from observational and intervention studies may provide insight.
In conclusion, we found that FM percentage decreased significantly more in participants consuming whole-grain foods compared to those consuming refined foods. Furthermore, refined-grain consumption increased serum total and LDL cholesterol concentrations. With the increasing number of wellcontrolled clinical intervention studies over recent years, there is emerging evidence for a beneficial role of whole grain in terms of reduced FM percentage but still, no firm conclusions can be drawn. Further studies elucidating the role of particle size and comparing different grains side by side are lacking and the use of plasma AR as a biomarker of whole-grain intake is encouraged.
